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FOREWORD 


This  final  report  document*  the  results  of  some  field  measurements  at  Rev 
West,  Florida  from  April  26  through^  May  10,  1979,  and  from  Juno  through  June 
10,  1979.  The  meaaurements  were  made  by  Cincinnati  Electronics  Corporation 
using  the  MIDAS  til  equipment.  During  the  first  half  of  the  program  banded 
infrared  radiometric  data  was  collected  on  a  series  of  cloud  backgrounds  under 
various  conditions.  During  the  second  half  of  the  program  banded  infrared 
radiometric  data  was  collected  on  some  aircraft  flights.  The  cloud  data  is 
reported  in  Volume  1  of  this  final  report  and  the  aircraft  data  is  included  in 
Volume  2  which  is  a  separate  classified  volume.  This  work  was  supported  hv 
the  Optical  Signatures  Program,  Naval  Weapons  Center,  China  Lake,  CA  under 
contract  N60530-79-C-0031 . 
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1.0  INTRODUCTION  AND  SUMMARY 


This  report  describes  the  test  equipment,  test  procedures,  test  site  and  test 
results  for  a  program  to  measure  the  infrared  signatures  of  a  representative 
sample  of  cloud  backgrounds  and  aircraft  at  Key  West,  Florida.  Data  on 
various  clouds  were  gathered  by  Cincinnati  Klectronics  Corporat ion  between 
April  2o  and  May  10,  1979.  Data  on  F-4  and  F-14  aircraft  were  gathered 
between  June  4  and  June  10,  1979. 

The  MIDAS  111  radiometer  was  used  to  measure  the  infrared  signatures  of  the 
aircraft  during  the  day  and  a  number  of  different  types  of  cloud  backgrounds 
at  various  times  of  the  day  and  night  and  at  various  angles  with  respect  to 
the  sun.  The  MIDAS  III  system  is  a  small-field  scanning  radiometer  that  makes 
simultaneous  measurements  of  infrared  sources  in  the  .)-!>  and  8-1.1  micrometer 
spectral  regions  (see  references).  The  3-5  spectral  region  is  further  sub¬ 
divided  into  smaller  spectral  bands  by  inserting  various  spectral  filters  in 
front  of  the  3-5  detector. 

The  MIDAS  system  was  located  at  the  north  end  of  Fleming  Key  in  Key  West  ,  The 
system  had  an  unobstructed  view  of  a  wide  angle  of  sky  and  sea  background  with 
a  number  of  small  islands  in  the  field  of  view.  For  the  background  measure¬ 
ments  the  MIDAS  system  was  panned  around  to  locate  sectors  in  which  there  was 
detailed  structure  and/or  intense  signal  levels.  Representative  samples  of 
this  data  were  then  recorded.  For  the  aircraft  measurements  the  targets  were 
tracked  visually  with  a  telescope  which  was  boresighted  with  the  infrared 
radiometer . 

A  camera  was  used  to  photograph  most  of  the  backgrounds  in  order  to  correlate 
the  infrared  signatures  with  the  visual  scenes.  These  pictures  are  presented 
along  with  the  analog  plot  of  background  irradiance  as  a  function  of  scan 
angle  for  various  spectral  bands. 

A  set  of  four  typical  cloud  pictures  is  shown  in  Figure  1.1. 


TARGET  9 


TARGET  21 


MIDAS  SYSTEM  DESl'Kl  1’1'ION 


2.0 


2.1  SCANNER  AND  CONTROL  CONSOLE 

MIDAS  111  is  a  banded  rad  iomet  er  used  to  gather  target  temporal  and  or  spat  tal 
data  it  several  spectral  hands.  The  system  is  modular  and  can  he  configured 
in  a  variety  ot  wavs.  t'he  MIDAS  111  Svstem  used  tor  the  Background  Measure- 
ments  at  Key  West  is  shown  in  the  block  diagram  in  Figure  2 .  1 .  1  .  1'he  svstem 
consisted  of  the  scanner  and  control,  monitoring  and  recording  electronics  and 
a  mobile  support  van.  An  external  view  of  the  scanner  with  the  l‘V  camera  and 
sighting  scope  is  shown  in  Figure  2.1.2.  The  DV  sensor  shown  m  Figuie  .’.1.1 
was  not  used  for  the  Kev  West  tests.  A  single  lens  ret  lex  ISI.K'  camcia  mot 
shown'  was  mounted  on  the  top  of  the  scanner  across  trom  the  video  >ameia. 

The  scanner  unit  contains  two  lenses  side  bv  side,  a  tour-element  germanium 
lens  with  an  8-1.1  urn  passband  and  a  tour-element  l  two  germanium  and  two 
silicon'  lens  with  a  '~s  um  passband.  Each  ot  these  lenses  has  a  ’  inch 
aperture,  a  .’1  inch  focal  length  and  a  resolution  ot  0.  10  milliradiau.  behind 
each  lens  is  a  coated  pvrex  folding  mirror  which  reflects  the  converging  beams 
to  opposite  sides  o t  the  double  sided  coated  aluminum  scan  minor.  1‘he  beam 
of  the  8-ld  um  lens  is  reflected  from  the  scan  mirror  to  the  lb  element 
mercury  cadmium  telluride  Olgi’dTe'  detector  located  at  the  tocal  plane.  1’he 
beam  of  the  d-S  um  lens  is  reflected  from  the  scan  mirror  to  the  .'•»  element 
indium  antimonide  flnSb'  detector  located  at  the  tocal  plane.  Both  detectors 
have  staggered  artavs  with  10  percent  overlapping.  Each  element  m  the  two 
arravs  is  0,0**  milliradiau  in  acimuth  bv  0.11  milliradiau  m  elevation.  When 
convolved  with  the  optical  blur  spot,  the  detector  elements  generate  a  svstem 
resolut  ion  ot  0.1  milliradiau  m  the  acimuth  direction  t*v  0.1.'  milliiadian  m 
the  elevation  direction.  The  two  staggered  arrays  m  each  detector  are 
separated  bv  0.**  milliradiau.  Eight  of  the  detector  elements  m  each  detectoi 
were  used  to  record  data.  Thus  the  total  elevation  f ield-ot -view  was  0.8 
mi  1 1 i r adi an . 

The  l-5*  detector  has  a  cold  spectral  filter  which  limits  the  passband  tv'  the 
region  from  .1 . 2  tv*  4.7’  micrometers .  A  six-position  filter  wheel  with  warm 
filters  was  installed  in  front  of  the  d-S  detector  in  or  do  r  to  measure  the 
spectral  content  of  backgrounds  at  various  passbands  within  the  d.2  to 
region.  Figure  2.1.1  is  a  photograph  of  the  filter  wheel.  Onlv  tour  ot  the 
available  six  positions  in  the  filter  wheel  were  used  for  the  background 
measurements.  The  passbands  for  these  four  filters  were:  d.8 — t.2  micrometers , 
d.4-4.d  micrometers ;  4.4-4.77  raici ometers ;  and  a  wide  band  filter.  When  this 
latter  filter  was  in  position  the  measured  spectrum  was  limited  by  the  internal 
cold  filter  on  the  detector  to  the  d. 2-4. 77  micrometer  passband.  The  number, 
sequence  and  dwell  time  for  the  selection  ot  filters  can  be  programmed  tor 
automatic  operation  or  can  be  controlled  manual Iv. 
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1 1  Scanner 


The  scan  mirror  is  driven  by  a  cam  which  produces  a  linear  scan  of  2b  mrad 
from  right  to  left  in  the  object  plane  in  75  msec  followed  by  a  retrace  to  the 
original  position  in  25  msec.  Each  detector  element  output  connects  to  an 
analog  preamp /post amp  channel  which  produces  an  output  signal  corresponding  to 
the  spatial  variation  of  infrared  irradiance  across  the  scanned  f iel>i-of-view 
within  the  instantaneous  angular  f ield-of-view  of  the  detector  element.  The 
resolution  and  sensitivity  parameters  are  shown  in  Figure  2.1.4. 

The  MIDAS  111  control  console  was  located  in  the  mobile  support  van  next  to 
the  scanner.  The  console  supplies  power  to  the  scanner,  provides  for  switch¬ 
ing.  attenuation,  and  monitoring  of  the  detector  channels  and  contains  a 
calibration  signal  generator  for  tape  recorder  calibration.  Amplifiers  for 
the  audio  channel  are  also  provided. 

The  Filter  Wheel  control  console  was  also  located  in  the  mobile  support  van. 

The  console  supplies  power  to  the  filter  wheel  independent  of  the  MIDAS  111 
system  and  controls  filter  selection  and  filter  dwell  time.  Filter  wheel 
position  and  various  diagnostics  are  displayed. 

2.2  DATA  RECORDING  AND  READOUT 

The  data  recording  and  readout  electronics  consist  of  a  4  trace  oscilloscope 
for  direct  monitoring  of  channel  video  signals,  an  8  channel  recording  oscillo¬ 
graph  for  permanent  visible  records  of  direct  or  playback  signals,  and  two 
FR-1300,  14  channel  instrumentation  tape  recorders  for  permanent  data  records. 
In  addition  there  was  a  Sony  video  tape  recorder  and  video  monitor  to  record 
and  display  the  picture  from  the  TV  camera  on  the  scanner.  All  this  equipment 
was  located  inside  the  mobile  support  van. 

The  two  FR-1300  tape  recorders  were  used  in  the  FM  mode  except  for  the  voice 
and  IRIG  time  code  channels  which  were  direct  mode.  The  3-5  channels  C A 1 
through  A8)  were  recorded  on  channels  1  through  8  of  recorder  A  and  the  8-13 
um  channels  (Cl  through  C8)  were  recorded  on  channels  1  through  8  of  recorder 
B.  On  each  recorder  the  IRIG  time  code,  azimuth  sync  signal,  and  the  voice 
channel  were  recorded  on  channels  12,  13  and  14  respectively.  The  tape 
channel  format  is  tabulated  in  Figure  2.2.1. 

A  Bell  and  Howell  5-134  Recording  Oscillograph  was  used  for  direct  recording 
of  data  for  immediate  analysis  and  for  later  playback.  The  oscillograph  is 
capable  of  simultaneously  reproducing  b  channels  of  data  plus  IRIG  time  code 
and  azimuth  sync.  For  both  on-site  data  monitoring  and  post-test  strip  out 
for  data  reduction,  the  oscillograph  was  run  at  20  inches  per  second.  In 
almost  all  cases  a  gain  of  0.2  volt  per  inch  was  used. 

The  SLR  camera  is  a  35  mm  Pent  ax  ME  that  was  added  to  the  MIDAS  III  system  for 
the  Key  West  tests.  The  camera  was  boresighted  with  the  IR  lenses  so  that 
photographic  documentation  of  the  backgrounds  could  be  recorded  simultaneously 
with  the  IR  measurements.  The  camera  has  an  optional  red  filter  so  that  both 
filtered  and  unfiltered  pictures  can  be  taken  in  order  to  record  the  scene 
with  maximum  contrast.  A  hand  held  Polaroid  camera  was  also  used  to  obtain 
real  time  photos  of  the  various  backgrounds.  Many  of  the  pictures  that  are 
presented  with  the  data  are  Polaroid  shots  because  of  various  problems  with 
the  35  mm  approach,  some  of  which  were  not  discovered  until  after  the  test. 


SPECTRAL  PASSBANDS  8-13,an  3.2-4.8pm 


Figure  2.1.4.  MIDAS  III  System  Parameters 
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3.0  SYSTEM  CALIBRATION 


Radiometric  calibration  of  the  MIDAS  111  System  was  accomplished  by  measuring 
the  response  of  the  system  to  a  source  of  known  temperature,  emissivity,  and 
angular  size.  The  calibration  was  done  in  the  Cincinnati  Electronics  Corpora¬ 
tion  optical  lab  on  a  lb-inch  Davidson  reflecting  collimator.  An  Infrared 
Industries  blackbody  set  at  200’C  was  used  as  the  infrared  source.  This 
source  has  an  emissivity  of  0.99  ±  0.01.  The  temperature  was  monitored  by 
mean3  of  a  thermocouple  located  in  the  cavity  block.  The  measured  temperature 
is  believed  accurate  to  ±  1.0*0. 

Since  the  calibration  needed  is  the  large  target  radiance  calibration  rather 
than  the  point  source  irradiance  calibration,  an  extended  target  should  be 
used  as  a  source.  However,  a  200*0  large  source  will  saturate  the  electronics. 
Kor  this  reason,  a  1/20  mrad  point  source  precision  aperture  was  used  and  the 
voltages  measured  were  multiplied  by  the  ratio  of  the  large  target  signal  to 
the  1/20  mrad  target  signal  measured  at  a  lower  temperature  where  saturation 
did  not  occur.  The  reason  that  this  measurement  was  not  used  as  the  actual 
large  target  calibration  is  that  the  low  temperature  could  not  be  measured  or 
controlled  as  accurately  as  the  200*0  temperature .  However,  the  ratios  mea¬ 
sured  are  accurate  regardless  of  the  actual  temperature  of  the  source.  The 
ratio  was  found  to  be  12.30  for  the  3-5  pm  channels  and  17. b7  for  the  8-13  pm 
channels . 

The  output  signal  pulse  from  the  1/20,  200*0  source  was  observed  on  an  oscillo¬ 
scope  and  the  difference  in  the  signal  voltage  between  the  hot  target  and  the 
ambient  temperature  aperature  disk  was  recorded.  The  results  were  multiplied 
by  the  above  ratios  and  averaged  over  the  8  channels  and  are  shown  in  Figure 
3.1. 

The  next  step  in  the  system  calibration  is  to  determine  the  radiance  difference 
of  the  target  for  each  filter.  The  effective  radiance  difference,  AL  eff  (Xp), 
at  wavelength  \p  is  calculated  from  the  equation, 

ALeff  (Ap)  -  0B  y\A  (V)  ff-Hp  |L*  <TL>]  dA 

where  pB  is  the  reflectance  of  the  collimator  mirror  system 

ta  (X)  is  the  spectral  atmospheric  transmission  over  the  21  foot 
collimator  path  length 

Tp  (X)  is  the  spectral  transmission  of  the  system  filter  at  wavelength  X 
Xp  is  a  reference  wavelength 


p 
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Figure  3.1.  Calibration  Factors 


Kg  (x)  is  the  basic  system  spectral  responsivity  in  centimeters 
squared  volts  per  watt  without  the  filter, 

(Tgjj)  is  the  blackbody  spectral  radiance  in  watts  per  square 
centimeter  per  steradian  per  micrometer  at  the  blackbody  temperature 

tBB> 

and  L;  (T^)  is  the  blackbody  spectral  radiance  at  the  laboratory 
temperature  Tl* 

The  spectral  atmospheric  transmission  was  calculated  for  the  21  foot  Davidson 
collimator  path  length.  The  spectral  transmission  curves  for  the  4  filters 
used  during  the  test  were  measured  with  a  Beckman  1R-4  Spectrophotometer.  The 
basic  system  spectral  responsivity.  Kg  (X),  was  determined  by  using  a  series 
of  spike  filters  covering  the  system  passband  in  conjunction  with  the  colli¬ 
mated  blackbody  source. 

The  over. 11  system  response  (basic  radiometer  plus  spectral  filter)  tor  the 
3-5  channel  is  shown  in  Figures  3.2  through  3.5  for  the  various  filters  used. 
Filter  No.  1  was  broadband  uncoated  sapphire  for  optical  path  compensation  so 
that  the  overall  system  response  is  the  same  as  the  basic  system  response  with 
no  filtei.  The  overall  system  response  for  the  8-13  channel  is  shown  in 
Figure  3.b. 

The  spectral  atmospheric  transmission,  system  and  filter  spectral  curves,  and 
blackbody  temperature  were  used  in  a  previously  developed  computer  program  to 
calculate  ALefj(Xp)  for  the  various  filters  according  to  the  above  equa¬ 
tion.  These  radiance  difference  values  were  then  divided  by  the  average 
measured  signal  voltage  for  all  the  channels  in  the  3-5  urn  array.  Figure  1.1 
also  gives  the  radiance  differences  and  the  calibrated  effective  radiance 
differeme  per  volt  for  each  filter  in  the  3-5  urn  detector  and  for  the  8-11  um 
detector , 

Although  field  calibration  measurements  were  made  in  order  to  check  system 
operation  and  atmospheric  effects,  the  lab  calibrations  were  used  in  data 
reduct  ion . 


Figure  3.8.  8-13  System  Response 


■pmmmini  i  Hi. 


4.0  TEST  SITE  DESCR1 P 11 ON 


The  cloud  background  measurements  were  taken  at  a  site  winch  was  located  at 
the  northern  tip  of  Fleming  Key  which  is  adjacent  to  Key  West.  At  the  time  ot 
the  tests  the  site  was  located  on  an  Army  Hawk  Missile  Base  which  lias  since 
been  moved  to  another  location.  Figure  4.!  is  part  of  nautical  chart  which 
shows  Key  West,  Fleming  Key,  the  test  site  and  the  depth  ot  the  watet  surround¬ 
ing  the  keys.  Figure  4 . 2  is  an  aerial  photograph  of  the  same  location. 

The  MIDAS  system  had  a  240-degree  unobstructed  view  of  the  sky,  horizon  and 
sea  clockwise  from  270  degrees  through  ISO  degrees.  The  remaining  1.0  degrees 
was  obscurred  by  bunkers  on  the  missile  site  and  by  adjacent  equipment. 

Figure  4.3  is  a  photograph  from  the  top  of  one  of  the  bunkers  looking  east. 

The  Navy  administrative  trailer  is  located  to  the  right.  On  the  left  ot  the 
Navy  trailer  is  the  OE/SPAR  trailer  with  the  IRST  system.  Next  to  that  is  the 
Cincinnati  Electronics  van  and  the  MIDAS  system  is  mounted  on  a  tripod  next  to 
the  van. 

A  blackbodv  was  located  230  teet  from  the  MIDAS  system  at  a  bearing  ot  1-40 
degrees.  The  blackbodv  was  a  large  area  source,  which  was  one  toot  square. 

Next  to  the  source  was  a  large  plate  at  ambient  temperature.  Thermocouple 
leads  were  attached  to  the  blackbodv  and  reference  in  order  to  check  the 
system  calibration  at  periodic  intervals  during  the  test  program. 

The  MIDAS  system  and  the  IRST  were  both  aligned  with  one  of  the  channel 
markers  which  was  located  nominally  at  zero  degrees.  There  was  no  parallelax 
error  in  this  alignment  since  both  systems  were  virtually  in  line  at  a  zero- 
degree  bearing. 

The  test  location  provided  a  maritime  environment  with  temperatures  between 
79*F  and  84*F  and  relative  humidity  between  33  and  82  percent.  The  surface 
visibility  was  in  excess  of  7  statute  miles  tor  most  of  the  data.  The  instru¬ 
ment  that  was  used  to  measure  visibility  had  a  maximum  range  ot  7  miles  aiui 
this  value  was  recorded  whenever  the  visibility  was  equal  to  or  greater  tnan  7 
miles.  The  environmental  data  was  all  recorded  at  the  naval  air  station  on 
Boca  Chica  Key.  The  distance  between  the  test  site  and  the  environmental  test 
instruments  was  approximately  5-b  nautical  miles. 
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VO  BACKGROUND  MKASURKMKNTS 


The  purpose  of  the  Background  Measurements  phase  ot  the  contract  was  to  obtain 
radiometric  data  on  various  tvpes  of  clouds.  The  MIDAS  system  was  scanned 
across  different  cloud  formations  and  cloud/skv  interlaces  at  ditterent  times 
of  the  day  and  at  different  angles  with  respect  to  the  sun.  The  system  was 
stopped  and  data  was  recorded  whenever  clouds  that  had  sign  it  leant  structure 
were  encountered.  At  times  the  GK/Sl’AR  IKST  system  would  indicate  a  large 
number  of  clutter  points  at  a  certain  position.  The  MIDAS  system  would  then 
be  aligned  with  the  coordinates  of  this  clutter  position  and  the  data  was 
recorded  when  significant  structure  was  evident. 

Structure  in  the  8-11  micrometer  hand  was  almost  non-existent  tor  all  ot  the 
daytime  data  whereas  there  was  a  lot  of  structure  in  the  1-8  micrometer  hand. 
As  a  result,  all  of  the  dayt  ime  data  that  is  reproduced  in  this  report  is  l--1' 
micrometer  data.  The  evening  and  nighttime  data  has  much  more  structure  in 
the  8-1.1  micrometer  hand  than  in  the  .1-8  hand.  Hence  the  data  that  is  report  e 
for  the  nighttime  runs  include  the  8-1.1  spectral  hand. 

The  3-8  data  was  recorded  directly  on  the  recording  oscillograph  whereas  the 
8-13  data  was  recorded  on  the  tape  recorders  tirst  and  later  played  hack  and 
recorded  on  the  osc i 1 lograph .  There  tore,  the  8-1  1  data  has  a  small  amount  ot 
additional  noise  when  compared  with  the  3-8  data. 

During  most  of  tin*  tests  the  clouds  were  moving  tairlv  rapidly  and/or  were 
changing  shape  and  composit  ion.  As  a  result  sequential  data  runs  with  diller- 
ent  3-8  hand  filters  do  not  always  represent  the  sumo  scene.  Most  ot  the  t  ime 
the  MIDAS  system  was  moved  in  order  to  track  the  same  posit  i on  in  a  moving 
cloud.  However,  there  were  t  inies  when  the  shape  ot  the  c  loud  changed  radicall 
from  the  beginning  ot  a  measurement  to  the  end.  Thus,  comparisons  among  the 
3-8  spectral  runs  should  he  made  with  caution.  Comparisons  between  the  1-8 
and  8-13  bands  should  also  he  made  with  caution  because  the  8-13  graphs  that 
are  presented  in  this  report  are  not  necessarily  coincident  in  time  with  the 
respective  3-8  graphs.  This  is  a  result  ot  the  tact  that  8-1  '  data  was  taken 
at  night  when  the  TRIG  time  code  generator  ot  the  IKST  system  was  shut  down. 
Therefore,  no  time  code  was  available  on  the  recorded  data  and  corresponding 
frames  of  3-8  and  8-13  data  could  not  he  identitied. 

Data  for  thirty-three  different  background  targets  are  included  in  this 
report.  This  sampling  represents  the  worst  case  condit  ions  m  terms  ot 
structured  backgrounds.  Figure  8.1  lists  the  thirty-three  background  targets 
and  the  pertinent  data  tor  each  ot  the  targets.  Most  ot  the  data,  such  as 
time,  bearing  and  meteorological  conditions,  are  se l t -esplanat orv .  The  last 
column,  entitled  "IRST  Clutter"  required  some  explanation.  The  GK/Sl’AR  1RSV 
system  was  located  next  to  the  MIDAS  system.  At  times  the  IRST  would  indicate 
a  fair  number  of  clutter  points  at  some  location.  The  MIDAS  system  would  then 
be  pointed  toward  the  same  local  ion  in  the  sky  to  measure  and  rocoid  the 


spectral  characteristics  of  that  particular  clutter  region.  Targets  of  this 
type  are  indicated  with  an  "X"  in  the  last  column.  All  other  targets  were 
selected  independently  of  the  l RSI'  system. 

A  few  of  the  targets  were  different  from  the  majority  ot  structured  cloud 
background.  Target  43  is  a  wide  scan  in  which  the  MIDAS  system  was  panned 
across  a  wide  azimuth  field  to  obtain  data  on  the  variability  of  the  back¬ 
ground.  Targets  45,  46  and  47  are  scans  near  the  horizon  which  were  recorded 
to  measure  the  sky/sea  contrast  levels.  Target  45  crosses  the  horizon  during 
the  horizontal  scan,  going  from  the  sky  to  the  sea  as  the  scan  moves  from  left 

to  right.  Target  46  is  a  scan  entirely  in  the  sky  just  above  the  horizon  and 

target  47  is  a  scan  entirely  in  the  sea  just  below  the  horizon.  Target  31  is 

a  scan  across  a  microwave  tower  against  a  sky  background.  Target  14  is  a  scan 

across  a  water  tower  with  a  sky  background.  flic  target  is  included  because  it 
is  an  interesting  example  of  contrast  reversal  between  the  3-5  and  8-13  spec¬ 
tral  bands.  The  target  shows  negative  contrast  with  respect  to  the  sky  in  the 
3-5  spectral  band  and  positive  contrast  with  respect  to  the  sky  in  the  8-13 
spectral  band.  Targets  5  and  33  are  scans  of  sun  glint  off  the  ocean  surtace. 
When  recording  cloud  targets  27,  28  and  35  the  clouds  were  tracked  with  the 
radiometer.  All  other  cloud  targets  were  recorded  with  the  radiometer  sta- 
t  ionary . 

The  spectral  data  for  each  of  the  thirty-three  targets  is  shown  in  Appendix  1. 
The  figures  are  numbered  according  to  the  target  numbers.  Each  target  lias  a 
summary  of  the  test  parameters  along  with  a  picture  of  the  scene  that  was 
measured.  The  picture  has  a  black  line  on  it  which  detines  the  area  that  was 
scanned  by  the  MIDAS  system.  A  set  ot  arrows  indicates  the  position  of  the 
black  line. 

Following  each  data/picture  sheet  is  a  set  ot  analog  graphs.  The  spectral 
band  for  each  series  of  graphs  is  listed  at  the  top  of  the  graph.  Six  scans 
are  arranged  vertically  on  each  graph.  The  six  scans  are  the  analog  outputs 
from  the  first  six  elements  of  the  detector.  Therefore,  the  six  traces 
represent  scans  in  object  space  that  are  separated  by  0.1  milliradian  in  the 
elevation  direction.  The  total  vertical  field  covered  by  the  six  scans  is  O.o 
milliradian.  The  horizontal  traces  are  backward  when  compared  to  object 
space.  Thus  the  traces  from  left  to  right  represent  scans  from  right  to  left 
in  the  pictures.  The  horizontal  field  covered  by  each  scan  is  1.6*  or  28 
milliradians  as  indicated  by  the  scale  at  the  bottom  of  the  graphs.  Alternate 
scans  in  the  vertical  direction  are  staggered  0.5  milliradian  in  the  hov i zont a  1 
direction  because  the  corresponding  detector  elements  are  staggered.  The 
vertical  dimension  on  each  graph  is  the  effective  radiance  difference  in  watt/ 
sq.  cm. 


6.0  RECOMMENDATIONS 


It  is  recommended  that  additional  work  be  done  in  two  separate  areas  -  dc 
restoration  and  data  analysis. 


6.1  DC  RESTORATION 

In  the  existing  MIDAS  system,  some  of  the  electronic  bandpass  filters  have  a 
cuton  at  30  Hz  in  order  to  minimize  the  1/f  detector  noise  and  increase 
sensitivity.  This  ac  coupling  is  acceptable  for  point  target  measurements  or 
area  measurements  with  reference  sources  closely  contained  in  the  same  scan 
line,  but  in  order  to  measure  accurately  the  absolute  amplitude  of  area  target 
or  background  radiation  as  well  as  the  radiance  contrast,  for  comparison  with 
analytical  models  or  use  in  future  IR  systems  designs,  the  absolute  or  dc 
level  of  the  background  radiation  across  the  f ield-of-view  has  to  be  recorded. 

One  solution  for  preserving  the  background  level  is  to  lower  the  filter  cuton 
frequency  so  a  dc  level  (uniform  background)  can  be  maintained  across  one  scan 
of  the  f ield-of-view.  To  get  a  negligible  level  droop  across  a  single  scan 
requires  a  0.1  Hz  cuton  frequency.  This  int  rodin-os  more  1/f  noise.  After 
several  scans  this  level  will  eventually  decay  to  zero  due  to  the  finite  time 
constant  on  the  coupling  between  the  preamplifier  and  post ampl i f ier .  This 
decay  can  be  eliminated  by  injecting  optically  a  reference  signal  level  during 
the  25X  retrace  time  of  the  scan  mirror.  This  technique  solves  the  long  term 
droop  by  "dc  restoring"  while  also  providing  a  known  reference  level  each 
frame  which  can  be  used  to  precisely  calibrate  the  dc  or  any  other  target  or 
background  voltage  level. 

Several  methods  of  injecting  a  reference  signal  have  been  examined  and  one 
technique  has  been  selected.  This  concept  uses  an  external  shutter  in  conjunc¬ 
tion  with  an  internal  chopper.  Cincinnati  Electronics  recommends  that  the 
MIDAS  system  be  modified  for  dc  restoration  by  adding  the  shutter  and  chopper 
and  by  modifying  the  d.tector  electronics  that  have  a  cuton  at  30  Hz. 


6.2  DATA  ANALYSIS 


The  data  that  is  presented  in  this  report  is  just  a  snail  sample  of  the  data 
that  is  available  on  tapes  and  oscillograph  charts.  i'n  order  to  greatly 
increase  the  usefulness  of  this  data  it  should  be  reduced  and  analyzed.  The 
paragraphs  below  outline  the  specific  tasks  that  should  be  performed  with  the 
data. 


6.2.1  STANDARD  FORMAT  BACKGROUND  TAPES 

The  data  should  be  put  on  a  formatted  IBM  tape  using  CE '  s  in-house  IBM  .170-1  IS 
computer  in  order  to  make  the  Key  West  background  data  available  as  standard 
reference  material  for  other  studies. 


6.2.2  (3.8-4. 2)/(4.4-4.8)  IRRAD1ANCE  RATIOS 

There  is  sufficient  data  in  the  3. 8-4. 2  pm  and  4. 4-4. 8  pm  bands  to  characterize 
irradiance  ratios  between  those  bands  for  backgrounds  such  as  clouds,  tori  a  in, 
and  ocean  measured  at  Key  West.  As  part  of  the  total  industry  effort  to 
develop  long-range  search  and  track  systems,  several  groups  have  developed 
techniques  to  compute  the  theoretical  values  of  such  color  ratios  tor  spectral 
bands  similar  to  those  mentioned  above.  The  predictions  are  made  tor  targets 
and  for  backgrounds  using  the  somewhat  limited  amount  of  cloud  background  data 
previously  available.  System  design  methods  could  be  improved  it  the  predic¬ 
tive  capability  were  verified  by  a  larger  amount  of  color  ratio  data  taken 
from  background  measurements  such  as  Key  West  data. 


6.2.3  THRESHOLD  CROSSINGS  vs.  THRESHOLD  LEVEL  AND  TIME 

False  alarms  in  infrared  warning  systems  may  occur  because  of  a  threshold 
level  setting  which  is  too  low  for  the  background  level.  Generally,  analysis 
of  a  system's  false  alarm  rate  can  be  done  in  terms  of  threshold  crossings  per 
unit  time  and  fraction  of  time  the  threshold  is  crossed  for  a  given  threshold 
setting  and  type  of  background.  Reduction  of  the  MIDAS-Kev  West  background 
data  to  these  formats  would  provide  a  useful  data  base  for  analysis  ot  the 
performance  of  IR  search  systems  with  respect  to  threshold  crossing  rates  tor 
several  spectral  regions  and  selected  electronic  bandpasses. 


6.2.4  VERTICAL  F1KLD-0F-V1EW  EFFECTS 

For  system  design,  the  effect  of  vertical  (elevation)  tield-of -view  vs  impor¬ 
tant.  We  have  data  on  eight  separate  vertically  arranged  channels  using  MIDAS. 
By  summing  the  outputs  of  the  channels  in  various  comb i nat ions ,  we  can  deter¬ 
mine  the  effect  of  elevation  FOV  or  detector  size  on  the  background  results. 
Since  the  detector  has  vertically  staggered  elements,  allowance  must  be  made 
for  time  delay  in  azimuth.  The  results  could  be  useful  in  detector  configura¬ 
tion  design  in  other  systems. 


6.2.5  SUNGLINT  IN  THE  3-5  pm  AND  8-12  um  REGIONS 

One  source  of  false  alarms  is  sunglints  from  water.  IR  sung  lint  data  is  com¬ 
plicated  since  the  moving  waves,  which  act  as  reflectors,  follow  complicated 
trajectories  with  time.  However,  we  can  determine  from  the  data  whether 
simultaneously  viewed  sunglints  are  more  intense  in  the  3-5  pm  or  8-12  pm 
windows,  compared  to  the  expected  values  of  target  signals  in  those  same 
windows . 
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6 . 2  .  b  DAY/NIGHT  COMPARISON 


Some  of  the  MIDAS-Key  Went  data  was  taken  during  the  day  and  aome  at  night. 
Since  many  ayatems  are  required  to  perform  both  day  and  night,  a  comparison  ot 
background  characterise ics  at  both  times  would  show  how  a  given  system  design 
might  be  expected  to  perform  in  this  regard. 


7.0 
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APPENDIX  I 


The  following  pages  contain  the  data  on  cloud  backgrounds  for  33  different 
targets. 
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DATE  :  1  MAY  1979 
TIME:  16:00 
TEMPERATURE:  78°F 
RELATIVE  HUMIDITY:  56% 
VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  17  ° 

TARGET  ELEVATION:  7.4° 

SUN  TO  TARGET  ASPECT  ANGLE:  96° 
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DATE:  2  MAY  1979 
TIME:  10:15 
TEMPERATURE:  81°F 
RELATIVE  HUMIDITY:  65% 

VISIBILITY:  ^  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  60° 

TARGET  ELEVATION:  4.9° 

SUN  TO  TARGET  ASPECT  ANGLE:  58° 
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EFFECTIVE  RADIANCE  DIFFERENCE  (11.2  X  10"6  WATTS/SQ.  CM.  /RTERADIAN/DIVISION) 
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TAUGHT  8 


DATE:  2  MAY  1979 
TIME:  10:25 
TEMPERATURE:  81°F 
RELATIVE  HUMIDITY:  62% 
VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  90° 

TARGET  ELEVATION:  10.3° 

SUN  TO  TARGET  ASPECT  ANGLE:  47 
CORRELATED  WITH  IRST  CLUTTER 


EFFECTIVE  RADIANCE  DIFFERENCE  (10.4  X  10"b  WATTS/SQ.  CM. /STERADIAN/DIVISION) 
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DATE:  2  MAY  1979 
TIME:  10:32 
TEMPERATURE:  81°F 
RELATIVE  HUMIDITY:  62% 
VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  40° 

TARGET  ELEVATION:  2.0° 

SUN  TO  TARGET  ASPECT  ANGLE:  72° 
CORRELATED  WITH  IRST  CLUTTER 
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DATE:  4  MAY  1979 
TIME:  15:42 
TEMPERATURE:  82°F 
R E L A TIV  E  HU  M IDITY :  58% 
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BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  308° 

TARGET  ELEVATION:  9.1° 
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TARGET  35 


DATE:  5  MAY  1979 
TIME:  10:15 
TEMPERATURE:  83°F 
RELATIVE  HUMIDITY:  60% 
VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  103° 

TARGET  ELEVATION:  9.5° 

SUN  TO  TARGET  ASPECT  ANGLE:  46° 
CLOUD  WAS  TRACKED 


EFFECTIVE  RADIANCE  DIFFERENCE  (11.2  X  10"6  WATTS/SQ.  CM.  /ST ERADIAN /DIVISION) 
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DATE:  5  MAY  1979 
TIME:  12:35 
TEMPERATURE:  84°F 
RELATIVE  HUMIDITY:  60% 

VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  10° 

TARGET  ELEVATION:  9.6° 

SUN  TO  TARGET  ASPECT  ANGLE:  84° 
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TIME:  9:24 
TEMPERATURE:  S1°F 
RELATIVE  HUMIDITY:  72% 
VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
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TIME:  9:31 
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VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  78° 

TARGET  ELEVATION:  8.6° 

SUN  TO  TARGET  ASPECT  ANGLE:  38° 
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PATH:  8  MAY  1979 
TIME:  10:05 
TEMPERATURE:  82°F 
RELATIVE  HUM  (PITY:  72% 
VISIBILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  99°  Q 
TARGET  ELEVATION:  4.9  0 
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EFFECTIVE  RADIANCE  DIFFERENCE  (11.2  X  10“°  WATTS/SQ.  CM.  /ST ERADIAN /DIVISION) 
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DATK:  8  MAY  1979 

T1MK:  20:18 

TKMl'KHA  1‘UKK:  80° F 

KK1.A T1VK  HllMim  i  Y:  79‘.v 

V1SUUI.ITY:  3  STATUTK  MII.KS 

liAHOMKTHK'  l'HKSSUHK^  30  INCH KS 

TAIK5KT  AZ  ANC1  K:  123° 

TA lU!  KT  KI.KVATION:  H.41 
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EFFECTIVE  RADIANCE  DIFFERENCE  (4.96  X  10~5  WATTS/SQ.  CM. /STERADIAN  DIVISION) 
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DATE:  8  MAY  1979 
TIME:  20:31 
TEMPERATURE:  80°F 
RELATIVE  HUMIDITY:  79% 
VISIBILITY:  3  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  AZ  ANGLE:  68° 

TARGET  ELEVATION:  24° 


NO  PHOTOGRAPH  AVAILABLE 
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HATH:  9  MAY  1979 
TIM  K;  10:37 
TK  MPKRATUKK:  84°F 
RKLATIVK  HUMIDITY:  00% 

V ISI  HI  UI TY :  7  STATU '1' K  MITES 
HA  ROM  KTR  1C  l’H  KSSU  H  K;  30  INCH  KS 
TAKCKT  A'/.  ANC1.K:  95° 

TAKCKT  KI.KVATION:  8.3° 

SUN  TO  TAKCKT  ASPKCT  ANOUK;  111° 


EFFECTIVE  RADIANCE  DIFFERENCE  (10.4  X  10”6  WATTS/SQ.  CM./STERADIAN/DIVISION) 


TARGET  57 


DATE:  10  MAY  1979 
TIME:  9:32 
T  EMPERATURK:  84  F 
RELATIVE  HUMIDITY:  55% 

V1SI BILITY:  7  STATUTE  MILES 
BAROMETRIC  PRESSURE:  30  INCHES 
TARGET  A'/  ANGLE:  114° 

TARGET  ELEVATION:  11.4°  Q 

SUN  IX)  TARGET  ASPECT  ANGLE:  108 
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EFFECTIVE  RADIANCE  DIFFERENCE  (11.2  X  10-«  WATTS/«J.CM. /8TEBADIAN 
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"RADIOMETRIC  MEASUREMENTS  BY  THE  MIDAS  III  SYSTEM 
AT  KEY  WEST.  Volume  I:  Cloud  Backgrounds" 

CINCINNATI  ELECTRONICS  CORP.  TECHNICAL  REPORT  CTR-79-0012 
CONTRACT  NO.  N60530-79-C-0031 


The  attached  revised  pages  should  be  used  to  replace  the  corresponding  pages  of  the 
original  report.  On  the  first  page  of  the  Target  2  data,  the  3.2-4.77um  traces  and 
the  4.4-4. 77um  traces  were  interchanged  in  the  original  report. 

On  the  two  pages  of  the  Target  33  data,  erroneous  calibration  factors  were  used. 

The  above  errors  have  been  corrected  in  copies  of  the  report  issued  by  CE  Corp. 
after  January  27,  1981.  Erroneous  copies  will  lack  the  revision  notice  in  the 
upper  left  comer  of  the  affected  pages. 
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EFFECTIVE  RADIANCK  DIFFERENCE  (10.4  x  10"6  WATTS/SQ.  CM.  /STERAD IAN/DIVISION) 


TARGET  33 
Revised  1-27-81 
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EFFECTIVE  RADIANCE  DIFFERENCE  (10.3  x  10" 6  WATTS/SQ.  CM.  /STERADIAN/DIVISION) 


